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codes with a received stream of convolutional code 
data. Synchronization is achieved with respect to such 
problems as bit polarity inversion and incorrect 
boundaries of branch intervals by examining a number 
of trial message sequences. The trial message se 
quences are obtained by an algorithm suggested by 
Viterbi involving selection of one survivor sequence 
terminating in each data state of the code. When the 
decoder is synchronized with the received data 
stream, the survivor data sequences are very probably 
all identical at a branch interval near the older-data 
end of the sequences. When the decoder is not syn 
chronized, the survivor sequences, with high probabil 
ity, differ from each other at that branch interval. Loss 
of synchronism is detected by simultaneously examin 
ing the survivor sequences at a branch interval located 
at a selected number L of branch intervals before the 
last-received data, L being less than or equal to the 
decoding depth. If the survivor sequences are not 
unanimous at depth L a count is registered. If the 
number of such counts occurring within a test period 
of B successive branch intervals exceeds a predeter 
mined threshold T, branch synchronism is presumed 
to be incorrect and a search is initiated for correct 
synchronism. 

9 Claims, 3 Drawing Figures 
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SYNCIIRONISM INDICATOR FOR A 
CONVOLUTIONAL DECODER 

BACKGROUND OF THE INVENTION 

The present invention relates to the ?eld of digital 
data codes and their correcting and decoding. Errors 
may be introduced into digital data by noise and other 
causes. If the code employed is a redundant type, occa 
sional errors can be detected because they do not ?t 
the context. Codes of the type involved here contain 
sufficient redundancy that a code message containing 
errors ordinarily can be corrected and accurately de 
coded. The present invention is a synchronism indica 
tor for use with a decoder. The decoder is for correct 
ing errors in such redundant data and decoding accu 
rately the original message. The type of redundant 
codes to which the decoder and synchronism indicator 
are applicable are convolutional codes. They are char 
acterized by the fact that when an original message is 
encoded the choice of code symbols selected to repre 
sent an input digit of the original message is affected 
not only by the input digit itself but also by a limited 
number of immediately preceeding input digits of ‘the 
original message. Moreover, during decoding, the de 
coder’s output depends upon its own past; this depen 
dence extends to the in?nite past, even though its de 
pendence upon the input digits extends only to the lim 
ited number of input digits taken into account simulta 
neously by the encoder. Consequently, when the con 
volutional data is decoded to recover the original mes 
sage, it is desirable to take into consideration a rela 
tively long sequence of encoded digits before deciding 
upon a particular message digit as being the most prob 
able original one. 
The convolutional codes with which the present in 

vention is concerned can be represented graphically in 
tree form. At the time of encoding, each bit of the origi 
nal message causes the selection of one branch from 
among a plurality of branches emanating from a node, 
and a message of many successive digits can be repre 
sented graphically as a path through the tree. The tree 
spreads out very rapidly so that a very great number of 
different paths are possible even when a relatively short 
series of message digits or branch intervals is consid 
ered. _ 

A further characteristic of convolutional codes is that 
every node in the tree can be classi?ed as one of a rela 
tively small number of possible “states" of the data. A 
data state is a code situation such that each possible se 
quence of further data immediately following that state 
is decoded in a particular predetermined manner. For 
example, every node which is classi?ed as a state 2 
node is a point from which subsequently received data 
should be decoded in exactly the same way as it would 
if that subsequently received data followed any other of 
the many state 2 nodes in the tree, irrespective of 
where they may be located in the tree. The same subse 
quently received data would be decoded di?erently if 
it followed another state, e.g., state 3, than it would 
when following a state 2. A path of a message through 
the data tree can therefore be represented as path 
through an array of data states. Possible data sequences 
can be represented more compactly in terms of states 
because a diagram of transitions among data states 
does not fan out as does the data tree. The data tree is 
said to coalesce into a data states diagram, which is re 
ferred to herein as a trellis diagram. 
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2 
ln decoding convolutional data, it is desirable to limit 

the number of trial data sequences whose correlations 
with the received data are computed and compared. 
An algorithm for selecting a limited number of promis 
ing survivor sequences has been suggested by A]. 
Viterbi in “Error Bounds for Convolutional Codes and 
an Asymptotically Optimum Decoding Algorithm”, 
I.E.E.E. Transactions on Information Theory, Volume 
IT-l3 No. 2, Pages 260-269, April, 1967. Using the 
Viterbi algorithm the possible data sequences entering 
each state are considered and only one of the se 
quences entering each state is selected to serve as a 
trial sequence representing the state. The trial se 
quence which survives for each state is the one having 
the highest correlation with the received data of all of 
the sequences entering that state, but considering only 
those sequences which still survived after a similar se 
lection was made to each of a number of preceding 
branch intervals. In accordance with the algorithm a 
comparison is next made among survivor sequences to 
ascertain which sequence is the most highly correlated 
with the data actually received. The sequence thus 
identi?ed is assumed to be the sequence that was origi 
nally transmitted and is called the sole survivor se 

quence. 
Decoding of message digits based upon this assump 

tion is then carried out, however, only for the ?rst one 
or ?rst few received digits of the sequence. The entire 
sequence is not immediately decoded. Digits of the se 
quence following the ?rst few digits are still subject to 
change on the basis of data to be received in the future 
when the entire process is repeated. 
To summarize the Viterbi algorithm, data is not de 

coded as soon as it is received. Instead a sequence of 
data following the digit to be decoded is ?rst collected, 
its length being called the decoding depth D. Then a 
limited number of possible messages are selected, each 
extending from ‘the decoding depth, where the digit 
presently to be decoded is located, far into the more re 
cently received data, with one such survivor sequence 
ending in each of the data states at the new-data end. 
A correlation between each survivor sequence and the 
data actually received is computed for the entire de 
coding depth under consideration. The highest 
correlated of the survivor sequences is then selected to 
be the sole survivor sequence. The earliest received 
digit or digits within the decoding depth is then perma 
nently decoded under the temporary assumption that 
the sole survivor sequence is the correct sequence. 
For proper operation the decoder must have correct 

information as to the polarity of the received data 
stream. An undiscovered sign inversion makes the data 
unintelligible. Moreover the decoder mustbe in syn 
chronism with the received data stream as to the time 
of beginning in the convolutional code of a new original 
message bit group. That is, the data boundaries of the 
branch must be known. Loss of branch synchronism of 
this type also makes the data meaningless to the de 
coder. 

SUMMARY OF THE INVENTION 

Apparatus is disclosed for obtaining branch synchro 
nization of a decoder of convolutional codes when the 
decoding technique employed is based upon the refer- . 
enced Viterbi algorithm or a similar technique. The 
synchronization method employed is to attempt to de 
code the received data in every bit position and with 
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each polarity until synchronization is obtained, as indi 
cated by some measure of reliability of the decoding 
decisions. In the invented equipment the measure of 
reliability relied upon is based upon a characteristic of 
the survivor sequences generated by decoders using the 
Viterbi or similar algorithms. With correct decoder 
synchronism, the survivor sequences are all, with high 
probability, identical near the old-data end of the se 
quences and do not diverge from each other except 
near the new data end. When, however, the decoder is 
not synchronized with the received data stream, the 
survivor sequences, with high probability, differ from 
each other even near the old-data end of the survivor 
sequences. The unanimity of the survivor sequences at 
a branch interval at some depth L (measured from the 
new-data end) which is less than or equal to the decod 
ing depth D can therefore be used as an indication of 
synchronism. The indication is more reliable when the 
unanimity is found to occur at depth L for a time period 
long enough to include a succession of several branch 
intervals. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a block diagram of a digital data transmis 
sion system of one type to which the synchronizer is ap 
plicable; 
FIG. 2 is one form of the preferred embodiment of 

the invention using a shift register and an up-down 
counter for registering the instances of lack of unanim 
ity; 
FIG. 3 is another form of the invention using two 

counters for measuring the degree of lack of unanimity. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENT 

An original message is redundantly encoded by a 
convolutional encoder 10, as shown in FIG. 1. The con 
volutional code data that is produced is then transmit 
ted over a more or less noisy transmission channel 12, 
where it is affected by a source of noise 14. Instead of 
being transmitted, the data may in other situations be 
stored and later recovered, or in some other manner be 
subjected to a risk of introduction of errors into the 
data. The noise-corrupted data is received by a correc 
tor and decoder 16 whose function is to recover the 
original message accurately by correcting the errors in 
the received data and decoding the message. The data 
may be decoded by decoding equipment described in 
detail in another application entitled Convolutional 
Decoder, Ser. No. 297,404 ?led Oct. 13, 1972 by the 
same inventors. Alternatively, the data may be decoded 
in some other manner based upon the Viterbi algorithm 
or a similar process where a number of trial informa 
tion sequences are retained. 
Survivor sequences that are temporarily stored in the 

corrector and decoder 16 are examined by a branch 
synchronism indicator 18, which is the subject matter 
of this invention. The synchronism indicator 18 pro 
duces a signal at an output terminal 20 which indicates 
whether the decoder 16 is or is not in synchronism with 
the data stream received from data channel 12. If the 
signal at terminal 20 indicates lack of synchronism, a 
search for correct synchronism is initiated, under the 
control of a search routine circuit 22. 
One form of the preferred embodiment of the syn 

chronism indicator 18 is shown in FIG. 2. - 
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4 
Survivor sequences are stored in 2K‘1 data registers 

24. Each of the registers 24 contains one trial informa 
tion sequence of D branch intervals. Upon receipt of 
each new branch interval of data, all data in the shift 
registers 24 is shifted one stage, with new data entering 
the ‘first stage and old data being discarded from the 
last stage. The more recently received data are in the . 
lefthand stages 26 of the registers as they are depicted 
on FIG. 2, and the data which is currently being de 
coded, which is older data, are in the righthand ends 
28. Stages denoted D contain data concerning which a 
decoding decision is currently to be made. At some 
depth L, as measured from the new-data end 26 of the 
registers, signals 30 are taken in parallel out of a stage 
32 of each of the registers and connected to a logic cir 
cuit, shown as the unanimity gate logic 34 in FIG. 2. 
The unanimity gate logic circuit 34 produces a logic 0 
output at its terminal 36 when all of its input signals 30 
have the same logic symbol irrespective of what that 
symbol is. When the input data 30 are not unanimous 
the unanimity gate logic 34 produces a logic I at its 
output 36. 
The output bits from the unanimity gate logic circuit 

34 are fed into a 8-bit shift register 38 and are also con 
nected to an up-count input terminal 40 of an up-down 
counter 42. Each'occurrence of 'a logic I bit from the 
unanimity gate logic circuit 34 increments the up-down 
counter 42 upwardly by one count. A data output of 
the 8-bit shift register 38 is connected to a down-count 
input terminal 44 of the up-down counter 42. Each oc 
currence of a logic I bit at the output end of the 8-bit 
shift register 38 decreases the stored count of the up 
down counter 42 by one unit. The count in the up 
down counter 42 is therefore the number of nonunani 
mous bit decisions for the preceding B branch intervals, 
that is, for the branch intervals whose nonunanimities 
are stored in the shift register 38. The contents of the 
up-down counter are compared with a threshold count 
T in a threshold comparator circuit 48. If the count in 
the up-down counter 42 exceeds T thedecoder 16 is 
presumed to be out of synchronism with the data 
stream and a signal at terminal 20 is transmitted to the 
search routine circuit 22. A trial-and-error search is 
then initiated to regain the correct branch synchronism 
position and bit polarity. ' 
At each trial position and polarity the foregoing test 

for reliability based on unanimity at the L depth is car 
ried out, until synchronism is achieved. Several digits 
of convolutional code data represent each digit of origi 
nal (uncoded) message data. At each trial position the 
decoder treats the incoming data stream as though a 
message bit interval starts and ends at particular places 
in the data stream. That is, various possible boundaries 
of convolutional code data groups are tried, to ascer 
tain which boundaries correspond to the original mes 
sage digits. In one mode of operation the grouping is 
changed only as newly received data arrive after dis 
covering asynchronism. The search routine circuit 22 
clearly falls within routine skill in the art. Search rou 
tine circuits have been used in the art; this invention 
does not require an understanding of them. The param 
eters B, L and T can be chosen to yield a very small 
probability that the count threshold will be exceeded 
when the decoder is operating in synchronism and yet 
yield a reasonably short synchronization acquisition 
time. The branch synchronism indicator l8 monitors 
the registers 24 and operates continuously so that a bit 
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slippage or a phase inversion of the received data 
stream is detected quickly and a new search for branch 
synchronization is quickly initiated. The up-down 
counter 42 and the 8-bit shift register 38 are set to zero 
at the start of each new attempt to synchronize by-a sig 
nal applied to clearing terminals 50, 52. A timing cir 
cuit 54 controls the sequence of operations to carry out 
the procedure described above. 
Another form of the preferred embodiment is shown 

in FIG. 3. Unlike the form of FIG. 2 where a running 
count is maintained during synchronized operation, the 
circuit of FIG. 3 employs a block type of counting of 
nonunanimity events. The unanimity gate logic 56 in 
FIG. 3 monitors the survivor sequence registers at the 
L depth just as before, and produces a logic l at its ter 
minal 58 for every occurrence of nonunanimity. The 
nonunanimous occurrences are counted in a counter 
60, following a periodic reset of counter 60 to be de 
scribed below. The-status of the counter 60 is moni 
tored by a threshold comparator 62 which continually 
determines whether or not the count in counter 60 ex— 
ceeds a threshold T. If it does, the threshold compara 
tor 62 produces a signal at its output terminal 20' 
which is transmitted to the search routine circuit 22 to 
intitate a search for correct branch synchronization. 
The output signal of the threshold comparator 62 also 
resets the counter 60 through an OR circuit 64. 
Counter 60 can also be reset at the end of every 

group of B counts by a reset pulse generator 66 which 
operates under control of another counter 68. This oc 
curs when synchronization is correct. Counter 68 
counts every branch interval, irrespective of the ?nd‘ 
ings of the unanimity gate logic 56. When a count B is 
achieved in counter 68, counter 68 causes the reset 
pulse generator 66 to reset both counter 68 and 
counter 60. Thus, counter 68 repeatedly counts from 
0 to B at the message digit rate, and during each B-digit 
group, counter 60 counts the nonunanimous decisions 
detected by the unanimity gate logic 56. If, during a B 
digit group, the count in counter 60 does not exceed T, 
the branch synchronization is presumed correct and 
the counters 60, 68 are reset to 0, after which the pro 
cedure is repeated. Timing circuits 70 control the se 
quence of operation. The technique of FIG. 3 tolerates 
a maximum of T nonunanimous digit comparisons in 
each set of B contihuous digits for the correct branch 
synchronism position. ' 
The forms of the preferred embodiment described 

above are described in terms of a binary data code, but 
they may readily be generalized by those of ordinary 
skill in the art to other q-ary code systems. 
What is claimed is: 
l. A branch synchronism indicator for indicating 

whether or not a decoder is in synchronism with convo 
lutionally encoded data which it receives in successive 
branch intervals, said decoder being of a type which 
upon each branch interval produces in an intermediate 
step of its decoding process a plurality of trial data se 
quences spanning a common group of branch intervals, 
said trial data sequences being characterized by a high 
probability of unanimity of data occupying a predeter 
mined branch interval location within the span of the 
trial data sequences when the decoder is synchronized 
and by a low probability of unanimity of the dataat said 
location when the decoder is not synchronized, com 
prising data register means for storing the data of at 
least said predetermined branch interval location of 
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6 
each of said trial data sequences, a logic circuit receiv 
ing input signals indicative of the data in said predeter 
mined branch interval location for ascertaining 
whether or not said data are unanimous and for pro 
ducing an output signal indicating either unanimity or 
nonunanimity, circuit means connected to receive said 
signals indicative of unanimity or nonunanimity for 
producing a signal if the rate of occurrence of the sig 
nals indicating nonunanimity exceeds a predetermined 
threshold, and timing means connected to saiddata 
register means, to said logic circuit, and to said circuit 
means for providing sequencing control signals cycli 
cally repeating upon each successive branch interval. 

2. A branch synchronism indicator as de?ned in 
claim 1 wherein said circuit means comprises counting 
means connected to receive said signals indicative of 
unanimity or nonunanimity for counting the signals of 
nonunanimity occurring within a first predetermined 
number of successive branch intervals and for register 
ing the count, and wherein said circuit means further 
comprises a comparator for comparing said count from 
said counting means with a second predetermined 
number for producing a signal if the count exceeds said 
second predetermined number. 

3. A branch synchronism indicator as de?ned in 
claim 2 wherein said counting means comprises a shift 
register having a number of data stages equal to said 
?rst predetermined number and having a register input 
and a register output, said register input being con 
nected to receive said output signal from said logic cir 
cuit for shifting said output signal through said shift 
register upon successive branch intervals; and wherein 
said counting-means further comprises a counter capa 
ble of counting up and down and registering a count, 
having an up-count input connected to receive said 
output signal from said logic circuit to increment the 
counter when said output signal indicates 
nonunanimity and having a down-count input con 
nected to receive signals from said register output to 
decrement said counter upon a register output signal 
indicating nonunanimity, said counter being resettable 
to start with zero count and having an output con 

nected to said comparator. 
4. A branch synchronism indicator as de?ned in 

claim 2 wherein said counting means comprises a ?rst 
counter connected to receive said output signal from 
said logic circuit for counting the output signals indi 
cating nonunanimity and for outputting its count data 
to said comparator, a second counter for counting all 
successive branch intervals, and reset circuit means re 
ceiving count data from said second counter and re 
sponsive upon receiving a count equal to said first pre 
determined number to reset said ?rst and said second 
counters, said reset circuit means being responsive 
moreover to occurrence of said signal produced by said 
comparator indicating that said count from said count 
ing means exceeds said second predetermined number, 
to reset said ?rst and said second counters. 

5. A method of controlling an output apparatus in ac 
cordance with whether or not a decoder is in synchro 
nism with convolutionally encoded data which it re 
ceives in successive branch intervals, said decoder 
being of a type which upon each branch interval pro 
duces in an intermediate step of its decoding process a 
plurality of trial data sequences spanning a common 
group of branch intervals, said trial data sequences 
being characterized by a high probability of unanimity 
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of data occupying a predetermined branch interval lo 
cation within the span of the trial data sequences when 
the decoder is synchronized and by a low probability of 
unanimity of the data at said location when the decoder 
is not synchronized, comprising the steps of: represent 
ing the data of at least said predetermined branch inter 
val location of each of the trial data sequences as elec— 
trical signals, providing electronic data storage appara 
tus, storing in said data storage apparatus said electrical 
signals representing said data of at least said predeter 
mined branch interval location of each of the trial data 
sequences, electrically comparing upon receipt of each 
branch interval the data at the predetermined branch 
interval location as to unanimity along the trial se 
quences to produce a signal indicating unanimity or 
nonunanimity, determining a rate of occurrence of the 
signals indicating nonunanimity in apparatus provided 
for that purpose, inanimately comparing the rate of oc 
currence of signals indicating nonunanimity with a pre 
determined threshold, automatically producing a signal 
indicating lack of synchronism when said rate of occur 
rence exceeds said threshold, and utilizing said signal 
indicating lack of synchronism to effect control of said 
output apparatus. 

6. A method of controlling an output apparatus as de 
?ned in claim 5 wherein said step of determining a rate 
of occurrence comprises establishing a period consist 
ing of a ?rst predetermined number of successive com 
parisons of the data at said predetermined branch inter 
val location, and counting the signals indicating 
nonunanimity occurring in said period, and wherein the 
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8 
step of comparing the rate of occurrence with a thresh 
old comprises comparing the number of signals indicat— 
ing nonunanimity occurring in said period with a sec 
ond predetermined number,‘ and wherein the step of 
producing a signal indicating lack of synchronism com 
prises producing a signal when said number of signals 
indicating nonunanimity exceeds said second predeter 
mined number. 

7. A method of controlling an output apparatus as de 
fined in claim 6 wherein said step of establishing a pe 
riod comprises establishing a running period in which 
upon receipt of each branch interval anew signal indi— 
cating unanimity or nonunanimity is included in said 
period and the oldest of such signals which was in‘ 
cluded in said period at an immediately preceding 
branch interval is omitted from said period. 

8. A method of controlling an output apparatus as de 
fined in claim 6 wherein said step of establishing a pe 
riod comprises terminating a preceding block period 
and starting a newv block period when the preceding 
block period achieves said ?rst predetermined number 
or when said signal indicating lack of synchronism is 
produced, whichever occurs ?rst. 

9. A method as de?ned in claim 5 and wherein said 
step of utilizing said signal indicating lack of synchro 
nism comprises the step of effecting the starting and 
stopping of automatic searching and synchronizing ap 
paratus which searches for and establishes synchro 
nism_ 

* * * * * 
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